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GRAIN LEGUME ADAPTATION T O  SOIL TYPE, 
Trials: 90ME8, 9 and 10. 
Location: Bencubbin. 
Soil Descriptioli: 90ME8. Deep loamy sand. 
pH(CaC12) = 4.9 at surface and 3.7 at 50 cm. 
90ME9. Sand over clay at 25-30 cm. 
pH(CaC12) = 5.7 at surface and 8.3 at 50 cm. 
90ME10. Sandy loam over clay at 15 cm. 
pH(CaC12) = 5.5 at surface and 8.4 at 50 cm. 
Results: 
Machine Harvest Yields (t/ha) 
90ME8 90ME9 90ME I 0 
Danja lupins 0.13 0.39 0.37 
Gungurru lupins 0.17 0.33 0.36 
Yorrel lupins 0.11 0.27 0.25 
Wirrega peas 1.37 1.23 1.33 
Dundale peas 1.28 1.21 1.22 
LSD (P=0.05) 0.214 0.123 0.066 
Dry Matter Production and Harvest Index 
90ME8 90ME9 90ME10 
Mature 
D.M. 
(g/m2) 
Quadrat 
Grain 
(g/m2) 
Harvest 
Index 
Mature 
D.M. 
(gJm2) 
Quadrat 
Grain 
(g/m2) 
Harvest 
Index 
Mature 
D.M. 
(g/m2) 
Quadrat 
Grain 
(g/m2) 
Harvest 
Index 
Danja Lupins 108 42 0.36 221 84 0.38 222 84 0.38 
Gungurru 137 54 0.39 219 89 0.41 238 102 0.43 
Lupins 
Yorrel 78 34 0.44 160 62 0.38 146 58 0.39 
Lupins 
Wirrega Peas 346 174 0.50 443 207 0.47 429 191 0.44 
Dundale Peas 322 157 0.48 424 165 0.38 377 157 0.42 
LSD 45.8 29.2 0.073 90.9 49.0 0.063 85.7 39.3 0.022 
(P=0.05) 
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Trials: 90ME11 and 13. 
Location: Totadgin. 
Soil Description: 90ME11. Deep loamy sand. 
pH (CaC12) = 4.5 at surface and 3.9 at 50 cm. 
90ME13. Loamy sand over sandy clay at 10 cm. 
pH (CaC12) = not yet available due to instrument difficulties. 
Sowing Details: 
Sown into moist soil on 15/5/1990. 2 L/ha Bladex applied 27/4/1990, 1 L/h Sprayseed on 5/5/1990 prior to sowing. Lupins 
and Wirrega peas sown at 80 kg/ha, Dundale peas at 120 kg/ha. Seed inoculated and treated with 1 g/kg Rovral (lupins) or 
1.5 g/kg 
P PickelT on 14/5/1990. 145 kg/ha plain superphosphate drilled with seed. 
Results: 
Machine Harvest Yield (t/ha) 
90ME11 90ME13 
Danja lupins 0.81 0.82 
Gungurru lupins 0.64 0.77 
Yorrel lupins 0.70 0.66 
Wirrega peas 0.55 1.35 
Dundale peas 0.36 1.68 
LSD (P=0.05) 0.114 0.123 
Dry Matter Production and Harvest Yield 
90ME 11 90ME13 
Mature 
D.M. 
(p.fin2) 
Quadrat 
Grain 
(g/m2) 
Harvest 
Index 
Mature 
D.M. 
(g/m2) 
Quadrat 
Grain 
(g/m2) 
Harvest 
Index 
Danja Lupins 348 118 0.34 359 110 0.30 
Gungurru 345 118 0.34 335 104 0.31 
Lupins 
Yorrel 306 113 0.37 284 87 0.30 
Lupins 
Wirrega Peas 128 60 0.46 437 179 0.41 
Dundale Peas 96 46 0.48 414 188 0.45 
LSD 73.5 28.8 0.036 80.1 37.3 0.028 
(P=0.05) 
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Trials: 90ME14, 15 and 16. 
Location: Mt Walker. 
5oil Description: 90ME14. Deep loamy sand. 
pH (CaC12) = 5.6 at surface and 4.9 at 50 cm. 
90ME15. Sand over clay at 15-20 cm. 
pH (CaC12) = 5.2 at surface, and 7.0 at 50 cm. 
90ME16. Sand over sandy clay loam at 10 cm. 
pH (CaC12) = 5.0 at surface, and 5.1 at 50 cm. 
Sowing Details: 
Sown into moist soil on 17/5/1990. 2 L/ha Bladex and 1 L/ha Sprayseed applied to site prior to sowing. Lupins and Wirrega 
peas sown at 80 kg/ha, Dundale peas at 
120 kg/ha. 145 kg/ha plain superphosphate drilled with seed. 
Results: 
Machine Harvest Yield (1/ha) 
90ME14 90ME15 90ME16 
Danja lupins 1.57 0.38 0.52 
Gungurru lupins 1.51 0.31 0.52 
Yorrel lupins 1.20 0.14 0.19 
Wirrega peas 1.27 0.72 1.13 
Dundale peas 1.46 0.69 1.28 
LSD (P=0.05) 0.271 0.112 0.091 
Dry Matter Production and Harvest Index 
90ME14 90ME15 90ME16 
Mature 
D.M. 
(g/m2) 
Quadrat 
Grain 
(g/m2) 
Harvest 
Index 
Mature 
D.M. 
(g/m2) 
Quadrat 
Grain 
(g/m2) 
Harvest 
Index 
Mature 
D.M. 
(g/m2) 
Quadrat 
Grain 
(g/m2) 
Harvest 
Index 
Danja Lupins 419 153 0.37 196 73 0.38 148 51 0.35 
Gungurru 404 151 0.38 175 68 0.38 160 55 0.35 
Lupins 
Yorrel 427 157 0.36 90 31 0.33 93 28 0.30 
Lupins 
Wirrega Peas 451 215 0.48 385 145 0.38 477 198 0.42 
Dundale Peas 467 219 0.47 316 104 0.33 446 159 0.36 
LSD 131.9 58.8 0.042 58.8 - 27.4 0.044 85.6 33.2 0.043 
(P=0.05) 
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Trials: 90LG69, 70 and 71. 
Location: Bendering. 
Soil Description: 90LG69. Deep loamy sand. 
pH (CaCl2) = 4.7 at surface and 3.8 at 50 cm. 
90LG70. Sand over clay at 20 cm. 
pH (CaCl2) = 5.9 at surface, and 6.8 at 50 cm. 
90LG71. Sand over sandy clay loam at 10 cm. 
pH (CaC12) = 5.5 at surface, and 7.9 at 50 cm. 
Sowing Details: 
Sown into damp soil on 18/5/1990. 2 L/ha Sprayseed applied 9/5/1990. Lupins and Wirrega peas sown at 80 kg/ha and 
Dundale peas at 120 kg/ha. 144 kg/ha plain superphosphate drilled with seed. 
Results: 
Machine Harvest Yield (kg/ha) 
90LG60 LOG 
DATA 
90LG70 LOG 
DATA 
90LG71 LOG 
DATA 
Danja Lupins 91 4.51 233 5.45 60 4.09 
Gungurru Lupins 51 3.93 194 5.27 60 4.08 
Yorrel Lupins 34 3.54 228 5.43 48 3.86 
Wirrega Peas 518 6.25 652 6.48 441 6.09 
Dundale Peas 545 6.30 572 6.35 658 6.49 
LSD (P=0.05) 0.309 0.447 0.625 
Dry Matter Production and Harvest Index 
90LG69 90LG70 90LG71 
Mature 
D.M. 
(g/m2) 
Quadrat 
Grain 
(g/m2) 
Harvest 
Index 
Mature 
D.M. 
(g/m2) 
Quadrat 
Grain 
(g/m2) 
_ Harvest 
Index 
Mature 
D.M. 
(s/m2) 
Quadrat 
Grain 
(g/m2) 
Harvest 
Index 
Danja Lupins 68 21 0.27 121 53 0.44 108 45 0.41 
Gungurru 66 19 0.28 152 63 0.42 123 53 0.43 
Lupins 
Yorrel 42 11 0.24 156 70 1.45 81 34 0.42 
Lupins 
Wirrega Peas 142 64 0.45 149 65 0.43 178 88 0.48 
Dundale Peas 150 67 0.44 172 68 0.41 141 72 0.51 
LSD 21.6 10.0 0.044 69.9 28.7 0.067 45.5 25.6 0.050 
(P=0.05) 
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Trials: 90ME69 and 90ME70 
Location: Bodallin 
Soil Description: 90ME69. Deep loamy sand. 
pH(CaC12) = 5.3 at surface and 5.2 at 50 cm. 
90ME70. Sand over clay at 25 cm. 
pH (CaCl2) = not yet available due to instrument difficulties. 
Sowing Details: 
Sown into moist soil on 15/5/1990. 1 L/ha Sprayseed + 2 L/ha Bladex applied immediately prior to sowing. Lupins and 
Wirrega peas sown at 80 kg/ha and Dundale peas at 120 kg/ha. 145 kg/ha plain super drilled with seed. Seed inoculated and 
treated with 1 g/kg Rovral (lupins) a 1.5 g/kg P-PickelT on 14/5/1990. 
Results: 
Machine Harvest Yield 
90ME69 90ME70 
Danja lupins 1.08 1.04 
Gungurru lupins 0.80 0.98 
Yorrel lupins 0.47 0.70 
Wirrega peas 1.26 1.44 
Dundale peas 0.81 1.27 
LSD (P=0.05) 0.206 0.204 
Dry Matter Production and Harvest Index 
90ME69 90ME70 
Mature 
D.M. 
(g/m2) 
Quadrat 
Grain 
(g/m2) 
Harvest 
Index 
Mature 
D.M. 
(g/m2) 
Quadrat 
Grain 
(g/m2) 
Harvest 
Index 
Danja Lupins 249 106 0.43 381 136 0.36 
Gungurru 258 103 0.40 274 104 0.38 
Lupins 
Yorrel 159 61 0.38 258 95 0.37 
Lupins 
Wirrega Peas 256 115 0.45 379 154 0.45 
Dundale Peas 187 90 0.48 360 144 0.40 
LSD 59.5 31.1 0.080 72.1 36.9 0.028 
(P=0.05) 
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Water Use (25/5/1990 - maturity) and Water Use Efficienc 
90ME69 90ME70 
Water* 
Use 
(mm) 
WUE for* 
D.M. 
(g/m2/mm) 
WUE for* 
Grain 
(wm2imm) 
Water 
Use 
(mm) 
WUE for 
D.M. 
( g o h n  
2 / r n  in) 
WUE for 
Grain 
( A i m  
2/mm) 
Danja Lupins 289 0.86 0.37 274 1.40 0.50 
Gungurru 237 1.07 0.41 201 1.40 0.53 
Lupins 
Yorrel 268 0.60 0.23 211 1.28 0.47 
Lupins 
Wirrega Peas - - - 180 2.17 0.90 
Dundale Peas - - - 190 2.03 0.79 
LSD 52.7 0.166 0.169 42.0 0.496 0.245 
(P=0.05) 
* Readings for peas not completed for 90ME69 because herbicide damage resulted in very uneven plots. 
Dry Matter Accumulation (g/m2, log transformed) 
90ME69 
Days after 
Sowing 
Danja 
Lupins 
Gungurru 
Lupins 
Yorrel 
Lupins 
34 2.535 2.472 2.330 
55 2.424 2.391 2.041 
87 3.007 2.823 2.445 
90 3.486 3.438 3.272 
105 4.239 4.093 3.821 
119 4.479 4.000 4.096 
129 4.732 4.369 4.541 
147 5.750 5.527 5.592 
162 5.735 5.681 5.784 
Maturity 5.490 5.520 5.062 
LSD (P=0.05) 0.331 
90ME70 
Days after 
Sowing 
Danja 
Lupins 
Gungurru 
Lupins 
Yorrel 
Lupins 
Wirrega 
Peas 
Dundale 
Peas 
34 2.435 2.580 2.147 2.550 2.694 
55 2.522 2.648 2.371 2.778 2.699 
87 3.543 3.552 3.313 3.881 3.800 
90 3.920 3.713 3.741 4.172 4.411 
105 4.553 4.669 4.564 4.808 4.869 
119 5.321 5.117 5.067 5.280 5.509 
129 5.378 5.133 5.085 5.453 5.512 
147 5.912 5.133 5.085 6.171 6.081 
162 6.048 6.001 5.689 - - 
Maturity 5.915 5.613 5.551 5.837 5.871 
LSD (P=0.05) 0.303 
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Leaf Water Potentials (-MPa) 
90ME69 
Days After 
Sowing 
Danja 
Lupins 
Gungurru 
Lupins 
Yorrel 
Lupins 
LSD 
(P=0.05) 
91 0.922 0.884 0.843 0.112 
119 0.717 0.715 0.683 0.076 
129 0.925 0.904 0.901 0.050 
162 1.46 1.65 1.15 0.182 
90ME70 
Days After 
Sowing 
Danja 
Lupins 
Gungurru 
Lupins 
Yorrel 
Lupins 
Wirrega 
Peas 
Dundale 
Peas 
LSD 
(P=0.05) 
91 0.94 0.85 0.82 0.39 0.34 0.152 
119 1.18 1.21 1.18 0.79 0.69 0.146 
129 1.44 1.40 1.40 0.99 0.97 0.187 
162 2.12 2.02 2.04 - - 0.266 
Discussion: 
Again, as in 1988 and 1989, the yield o f  peas tended to be higher on shallow soils than deep ones. There were two 
striking exceptions to this generalisation: 90ME8 and 90LG69 which, although deep soils, had very poor lupin 
yields. Both sites suffered strong weed competition (ryegrass in 90LG69 and wild oats in 90ME8) and 90ME8 was 
sown late as well. The generally better yields of peas were due to both better dry matter production and better harvest 
indices. In 90ME70 peas had greater water-use efficiencies for dry matter and grain production than lupins, as a 
consequence of  using less water but producing more dry matter and more grain. 
Among individual cultivars, Yorrel was consistently poorer than other lupin varieties (average across all sites was 
0.385 t/ha for Yorrel compared to 0.576 t/ha for Danja and 0.515 t/ha for Gungurru). The average yields for the pea 
varieties were very similar (1.020 t/ha for Wirrega and 1.002 t/ha for Dundale). 
As in previous years leaf water potentials of peas were significantly higher than in adjacent lupin plots. Leaf water 
potentials in lupins were also lower on the shallower soil after the end of August. This resulted in earlier leaf 
shedding on the shallower soil but did not reduce total dry matter production and had only a marginal effect on 
harvest index. 
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2) Hydraulic conductance in grain legume species. 
90M67 
Location: CSIRO research block, Merredin. 
Soil Description: Loamy sand over clay at 35 cm. 
Experimental Details* 
Wirrega peas sown at 20,40 and 90 kg/ha and Danja lupins at 80, 120 and 160 kg/ha into moist soil on 15/6/1990. 
20 mm water applied to 1 m2 quadrats on 4/9/1990, and lowest leaves of selected plants covered with Al foil. 
On 5/9/1990 adaxial and abaxial leaf conductance and transpiration was measured using a diffusive resistance 
porometer on four plants from each quadrat and leaf water potential was measured on the same leaves, at intervals 
throughout the day. The water potentials of the covered leaves were measured as an estimate of  root water potential. 
The quadrats were harvested on 6/9/1990 and leaf area and dry weight were determined (data not shown here). 
Results: 
Time Species 
Average 
yL 
(-bar) 
Average 
yR 
(-bar) 
Average 
Transpiration 
(mmol/m2/s) 
7.30 Pea 1.87+1.32 0.80+0.30 2.94+0.20 
8.15 Pea 2.82+0.20 0.95+0.95 2.90+0.53 
10.00 Pea 2.00+0.41 0.95+0.95 2.92+0.57 
10.15 Pea 3.52+1.51 1.70+0.70 3.98+0.66 
13.30 Pea 6.20+1.32 1.65+0.35 6.49+1.45 
14.00 Pea 6.65+0.49 1.45+0.45 7.93+0.38 
15.30 Pea 6.55+0.65 1.10+0.20 4.68+0.36 
15.45 Pea 4.28+0.53 1.80+0.70 6.44+1.12 
9.00 Lupin 5.88+0.46 4.40+0.40 3.81+1.16 
9.30 Lupin 6.10+0.17 5.35+1.05 5.92+1.06 
11.00 Lupin 7.32+0.45 4.65+0.25 8.44+0.57 
11.15 Lupin 7.45+0.42 4.85+0.15 5.96+0.52 
14.30 Lupin 7.62+0.38 4.45+0.15 6.20+1.12 
15.00 Lupin 7.55+0.49 5.10+0.90 6.41+1.12 
16.15 Lupin 5.82+0.31 3.40+0.20 9.48+0.99 
16.30 Lupin 7.05+0.36 4.15+0.25 6.77+0.85 
Conductances were calculated for the total soil-plant system, assuming that soil water potential was zero, as the ratio 
of  transpiration to yL; for the stem and leaf as the ratio of transpiration to yL - yR; and for the root as the ratio of 
transpiration to yR. 
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Time Species Conductances 
Soil-Plant 
(mmol/m2/s/bar) 
Stem + Leaf Root 
7.30 -Pea 1.572 2.735 3.675 
8.15 Pea 1.028 1.547 3.074 
10.00 Pea 1.460 2.781 3.074 
10.15 Pea 1.131 2.181 2.341 
13.30 Pea 1.047 1.426 3.933 
14.00 Pea 1.192 1.525 5.469 
15.30 Pea 0.714 0.828 4.254 
15.45 Pea 1.505 2.602 3.578 
Mean Pea 1.206+0.103 1.953+0.256 3.672+0.331 
9.00 Lupin 0.648 2.583 0.866 
9.30 Lupin 0.970 7.893 1.106 
11.00 Lupin 1.153 3.155 1.815 
11.15 Lupin 0.800 2.292 1.229 
14.30 Lupin 0.883 2.408 1.393 
15.00 Lupin 0.849 2.616 1.257 
16.15 Lupin 1.629 3.909 2.789 
16.30 Lupin 0.960 2.334 1.631 
Mean Lupin 0.987+0.105 3.399+0.670 1.511+0.210 
Discussion: 
The results obtained for peas were more reliable than those obtained for lupins. 
This was because most lupin quadrats had leaflets that were barely large enough to cover the aperture in the porometer 
chamber. The one quadrat with larger leaflets (that measured at 11.00 and 16.15) had higher rates of transpiration and 
higher leaf conductances them the others, suggesting that measurement difficulties may have been a problem. 
In peas leaf water potentials were closely related to transpiration rates, and estimated conductances remained constant 
throughout the day. Root conductances were higher than stem + leaf conductances. As well, root conductance appeared to 
increase at higher transpiration rates, indicating that there is little resistance to water flow in pea root systems growing in 
wet soil. 
Leaf water potential was also related to transpiration rate in lupins if the points from the quadrat measured at 11.00 and 
16.15 are ignored. Conductance estimates showed lower conductances in the roots than in the stems and leaves, and lower 
root conductances than in peas. To avoid using uncertain transpiration measurements for the lupins, we can estimate the 
proportion of plant resistance (1/conductance) to water flow due to the roots. This is given by yR/yL. In both peas and 
lupins it declined throughout the day but in peas it ranged from 17% to 48% whereas in lupins ranged from 58% to 88%. 
These data suggest that Lupin root systems proportionately present a greater barrier to water flow than pea root systems, and 
that this is responsible for the lower leaf water potentials of lupins growing in moist soil. 
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3) Stunted patch syndrome in lupins. 
Trials: 90ME5 
Location: Merredin 
Soil Description: Acid Yellow-brown loamy sand. For chemical properties see under 
lupin patch survey. 
gxperimental Details: 
Ripping treatments imposed on 1/3/1990. Trial sown into moist soil on 15/5/1990. 
Sowing rate = 9 0  kg/ha Danja lupins treated with 1 g/kg Rovral. 110 kg/ha double 
super drilled with seed. 
Results: 
Machine Harvest Yield (tJha) 
Direct Drilled Ripped to 15 cm Ripped to 30 cm 
Super drilled 0.22 0.35 0.57 
Super banded 
7 cm below seed 0.39 0.58 0.66 
LSD (P=0.05) 0.110 
Dry Matter Production (g/m2) 
5/7/1991 10/9/1991 
IN 
10/9/1991 
OUT 
At Maturity 
(outside patch areas) 
Direct drill control 5.3 69.4 221.2 316 
Direct drill banded 6.7 392 
Rip 15 control 6.9 421 
Rip 15 banded 9.7 408 
Rip 30 control 6.7 60.8 290.4 480 
Rip 30 banded 6.2 531 
LSD (P=0.05) 4.36 32.5 85.7 
Root length (cm cm-3) 10/9/1991 
0-10 cm 10-20 cm 20-30 cm 30-40 cm 
Direct drill control 
IN 272 42 81 74 
OUT 380 103 58 180 
Rip 30 control 
IN 223 84 51 44 
OUT 163 189 81 54 
LSD (P=0.05) 142.8 
Percentage of plot area affected by patch 
Direct drilled Ripped to 15 cm Ripped to 30 cm 
Super drilled 25.9 13.9 10.2 
Super banded 18.7 5.7 10.5 
7 cm below seed 
LSD (P=0.05) 10.0 
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Lupin patch survey 
Description 
A survey o f  suspicious looking patches in farmer's lupin crops was conducted in order to gather more information on 
what soil or other factors might be involved in causing the problem. Patchy crops were identified in either of two 
ways: by farmer response to a request for patchy lupin crops in the July Agmemo, and from an aerial survey of the 
area bounded by Merredin, Bruce Rock, Mt Walker and Bodallin. Altogether thirty- three farms were visited. Of 
these, nine were thought likely to be due to stunted patch syndrome and were sampled. Soil samples were taken at 0- 
10 cm depth and 15-25 cm depth inside and outside patches and plant samples were also taken inside and outside 
patches. Measurements made were: plant dry weight; soil pH (in 0.005 M KC1), Al (in 0.005 M KC1), % clay, P. K, 
exchangeable Al, exchangeable Na and organic C (topsoil only); plant N, P, K, Ca, Mg, S. B, Cu, Mn, Mo and Zn. 
Soil cores were also taken to test for the presence of  Rhizoctonia by growing lupins and barley in them in the 
glasshouse, and scoring the roots for lesions. 
Results: 
Soil pH and Al. 
Site 
pH Al (PPnl) 
In 
Topsoil 
Out In 
Subsoil 
Out 
Subsoil 
In Out 
Buraldn 4.63 4.70 3.97 4.00 9.17 8.57 
Mt Walker 4.97 5.12 4.35 4.25 3.10 3.50 
Yerapin 5.60 5.57 5.07 4.93 0.23 0.33 
Mt Walker 5.07 5.23 4.50 4.60 1.00 1.20 
Mt Walker 4.93 5.10 4.23 4.40 1.30 0.63 
Merredin 4.90 5.07 4.17 4.20 6.27 5.37 
Sth Burracoppin 5.50 5.43 4.33 4.33 1.07 1.30 
Bruce Rock 5.43 5.63 4.80 4.70 1.45 2.00 
Sth Burracoppin 4.67 4.70 4.23 4.17 4.57 5.93 
LSD (P=0.05) 0.229 0.253 2.149 
within site 0.159 0.285 1.304 
Soil % Clay and P 
Site 
% Clay P(p-)m) 
Topsoil 
In Out In 
Subsoil 
Out In 
Topsoil 
Out In 
Subsoil 
Out 
Burakin 8.33 7.83 14.61 14.06 20.0 20.3 1.68 0.99 
Mt Walker 20.33 18.67 22.44 23.54 23.0 37.7 1.01 1.00 
Yerapin 5.83 6.50 7.94 8.56 24.3 26.3 10.68 10.32 
Mt Walker 10.67 9.33 7.95 7.07 37.0 28.0 3.02 1.99 
Mt Walker 13.50 13.50 19.94 20.39 41.0 40.0 1.01 0.99 
Merredin 8.17 9.17 13.61 13.56 20.3 24.7 2.01 1.65 
S. Burracoppin 10.83 11.50 17.61 17.23 22.7 20.7 1.68 1.99 
Bruce Rock 2.50 2.50 3.77 4.89 15.0 13.3 9.01 11.32 
S. Burracoppin 9.83 9.83 14.61 15.06 18.7 15.3 1.68 1.65 
LSD (P=0.05) 2.845 3.114 12 23 1.948 
1.032 2.254 8.894 2.189 
82 
Soil K and Organic carbon 
Site 
K (ppm) Organic C (%) 
In 
Topsoil 
Out In 
Subsoil 
Out 
Topsoil 
In Out 
Burakin 35.0 38.3 15.6 14.7 0.75 0.85 
Mt Walker 96.3 120.0 50.4 52.5 1.48 1.48 
Yerapin 29.7 36.7 12.6 11.4 0.51 0.61 
Mt Walker 64.0 66.7 12.0 14.1 0.88 0.88 
Mt Walker 65.7 76.3 23.3 30.4 0.84 0.86 
Merredin 38.0 44.7 19.6 21.7 0.72 0.72 
Sth Burracoppin 65.0 51.3 20.6 18.7 0.82 0.76 
Bruce Rock 35.3 37.3 22.3 24.1 0.56 0.53 
Sth Burracoppin 25.7 28.0 13.6 11.4 0.75 0.82 
90ME5DD 36.3 40.3 15.6 18.7 0.76 0.75 
90ME5R30 34.0 35.3 17.1 15.8 0.71 0.75 
LSD (F1=0.05) 20 97 6.816 0.209 
9.01 5.935 0.129 
Exchangeable Cations 
Site 
Al (meq%) Ca (meq %) 
Topsoil Subsoil 
In Out In Out 
Topsoil 
In Out 
Subsoil 
In Out 
Burakin 0.367 0.383 0.761 0.806 0.501 0.701 0.033 0.040 
Mt Walker 0.467 0.333 0.819 0.929 1.80 2.17 0.700 0.401 
Yerapin 0.067 0.067 0.044 0.089 1.27 1.50 0.667 0.633 
Mt Walker 0.233 0.183 0.295 0.206 1.07 1.37 0.201 0.301 
Mt Walker 0.217 0.167 0.428 0.322 1.00 1.07 0.400 0.533 
Merredin 0.333 0.283 0.711 0.722 0.60 0.80 0.050 0.067 
S. Burracoppin 0.067 0.067 0.394 0.439 1.50 1.47 0.433 0.467 
Bruce Rock 0.100 0.083 0.144 0.206 0.80 0.73 0.567 0.367 
S. Burracoppin 0.383 0.400 0.628 0.628 0.63 0.60 0.300 0.300 
90ME5DD 0.467 0.467 0.502 0.468 0.80 0.83 0.467 0.575 
90ME5R3Ocoppin 0.467 0.467 0.490 0.564 0.70 0.70 0.567 0.442 
LSD (P=0.05) 0.100 0.213 0.461 0.328 
Exchangeable Cations 
Site 
Mg (meq%) K (meq%) 
Topsoil Subsoil 
In O u t _  In Out 
Topsoil 
In Out 
Subsoil 
In Out 
Burakin 0.133 0.133 0.017 0.040 0.083 0.100 0.05 0.05 
Mt Walker 0.667 0.700 0.650 0.251 0.233 0.300 0.10 0.10 
Yerapin 0.267 0.300 0.167 0.167 0.067 0.100 0.04 0.05 
Mt Walker 0.333 0.333 0.099 0.199 0.167 0.150 0.02 0.05 
Mt Walker 0.333 0.367 0.167 0.233 0.167 0.167 0.05 0.05 
Merredin 0.200 0.233 0.050 0.050 0.083 0.100 0.05 0.05 
S. Burracoppin 0.500 0.500 0.200 0.200 0.167 0.100 0.05 0.05 
Bruce Rock 0.233 0.267 0.100 0.133 0.083 0.083 0.05 0.05 
S. Burracoppin 0.100 0.100 0.040 0.040 0.050 - 0.050 0.03 0.03 
90ME5DD 0.167 0.200 0.100 0.133 0.100 0.100 0.05 0.05 
90ME5R30 0.200 0.167 0.150 0.117 0.083 0.083 0.05 0.05 
LSD (P=0.05) 0.150 0.261 0.062 0.012 
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Exchangeable Cations 
Site 
Na (meq%) 
Topsoil Subsoil 
In Out In Out 
Burakin 0.017 0.017 0.0 0.0 
Mt Walker 0.367 0.167 0.375 0.0 
Yerapin 0.030 0.050 0.01 0.017 
Mt Walker 0.033 0.023 0.0 0.0 
Mt Walker 0.007 0.010 0.0 0.01 
Merredin 0.013 0.040 0.0 0.003 
Sth Burracoppin 0.017 0.050 0.01 0.007 
Bruce Rock 0.037 0.050 0.02 0.04 
Sth Burracoppin 0.020 0.017 0.003 0.007 
90ME5DD 0.023 0.037 0.008 0.012 
90ME5R30 0.013 0.010 0.004 0.004 
LSD (P=0.05) 0.173 0.181 
Site Date Sampled Dry Weights 
In Out 
Burakin 31/8 16.9 + 0.84 193.4 + 19.0 
Mt Walker 26/9 68.7 + 9.36 238.5 + 11.9 
Yerapin 27/9 24.1 + 4.81 245.5 + 11.5 
Mt Walker 4/10 83.2 + 26.7 407.4 + 42.2 
Mt Walker 4/10 13.4 + 3.90 279.3 + 43.0 
Merredin 18/10 63.8± 19.0 335.7 ±48.7 
Sth Burracoppin 26/10 49.9 +15.3 438.1 + 18.5 
Bruce Rock 2/11 179.3 + 23.6 565.4± 110.4 
Sth Burracoppin 5/11 130.7 + 4.04 298.5 + 32.6 
90ME5DD 10/9 69.4± 13.3 221.2 + 26.1 
90ME5R30 10/9 60.9 + 21.7 290.4 + 5.49 
Plant N P and K 
In 
N(%) 
Out In 
P(%) 
Out In 
K(%) 
Out 
Burakin 3.55 3.61 0.233 0.190 0.94 0.87 
Mt Walker 3.48 2.83 0.173 0.127 1.25 1.03 
Yerapin 3.83 3.83 0.190 0.150 0.86 0.73 
Mt Walker 3.85 3.48 0.213 0.163 1.10 0.88 
Mt Walker 4.04 3.02 0.143 0.097 1.03 0.64 
Merredin 2.97 2.56 0.173 0.123 0.89 0.66 
Sth Burracoppin 3.48 2.96 0.233 0.127 1.13 0.61 
Bruce Rock 3.11 2.67 0.213 0.150 1.06 0.72 
Sth Burracoppin 2.87 2.30 0.157 0.087 0.70 0.62 
90ME5DD 3.70 3.78 0.157 0.147 0.76 0.90 
90ME5R30 3.54 3.53 0.187 0.160 0.73 0.85 
LSD (P=0.05) 0.403 0.0482 0.167 
within site 0.328 0.0372 0.154 
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Plant Ca, Mg and S 
In 
Ca (%) 
Out In 
Mg (%) 
Out In 
S (%) 
Out 
Burakin 0.92 0.88 0.253 0.180 0.213 0.250 
Mt Walker 0.81 0.55 0.373 0.293 0.257 0.183 
Yerapin 1.56 1.75 0.427 0.447 0.203 0.180 
Mt Walker 1.20 0.89 0.550 0.500 0.250 0.193 
Mt Walker 1.00 0.69 0.450 0.350 0.290 0.240 
Merredin 0.55 0.35 0.307 0.367 0.247 0.223 
Sth Burracoppin 1.18 0.81 0.437 0.390 0.277 0.237 
Bruce Rock 0.66 0.55 0.477 0.363 0.283 0.233 
Sth Burracoppin 0.80 0.80 0.227 0.290 0.367 0.433 
90ME5DD 1.07 1.14 0.280 0.343 0.250 0.247 
90ME5R30 1.28 1.23 0.337 0.350 0.223 0.203 
LSD (P=0.05) 0.269 0.0683 0.0475 
within site 0.185 0.0559 0.0414 
Plant B, Cu, and Mn 
Site 
In 
B (ppm) 
Out In 
Cu (ppm) 
Out 
Mn (ppm) 
In Out 
Burakin 28.3 25.0 4.73 3.70 113.3 120.0 
Mt Walker 30.3 24.3 2.50 1.73 81.3 59.0 
Yerapin 25.7 23.7 3.63 3.63 320.0 350.0 
Mt Walker 35.0 27.7 4.00 3.73 86.3 91.3 
Mt Walker 27.0 22.7 2.47 1.93 61.3 32.3 
Merredin 32.7 32.3 2.90 2.30 54.3 27.7 
Sth Burracoppin 34.3 29.7 4.07 3.50 67.0 48.3 
Bruce Rock 32.3 25.7 4.00 3.00 60.3 49.7 
Sth Burracoppin 35.7 31.7 2.57 1.93 34.3 35.7 
90ME5DD 23.0 25.7 3.60 3.43 98.0 75.3 
90ME5R30 27.7 25.3 4.40 3.77 115.7 87.7 
LSD (P=0.05) 4.43 1.085 39.80 
within site 3.61 0.787 41.23 
Plant Mo and Zn 
Site Mo (ppm) Zn (ppm) 
In Out In Out 
Burakin 2.49 1.10 46.7 37.3 
Mt Walker 0.73 0.40 20.7 12.6 
Yerapin 1.03 0.88 40.7 27.3 
Mt Walker 1.00 1.15 23.7 21.7 
Mt Walker 1.41 0.94 12.6 9.1 
Merredin 2.40 2.32 33.3 21.3 
Sth Burracoppin 1.98 1.86 30.7 17.0 
Bruce Rock 2.42 1.52 20.7 17.3 
Sth Burracoppin 0.72 0.49 17.3 11.0 
90ME5DD 0.53 0.54 21.7 15.7 
90ME5R30 0.75 0.47 27.7 18.3 
LSD (P=0.05) 0.610 7.66 
within sites 0.459 7.11 
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Discussion: 
1. Cause of  Patch 
Rhizoctonia was ruled out as a cause o f  the patches observed at all sites except site No. 5 at Mt Walker, on the basis 
of  disease scoring o f  lupins and barley grown in soil cores taken from each site. Statistical analysis of data collected 
showed significant separation of  sites on the basis of all soil and plant measurements. Site differences in plant 
analyses have little meaning since samples were not all taken at the same growth stage and so are ignored in the 
discussion which follows. 
There was a significant patch effect of  topsoil pH, topsoil K, topsoil exchangeable Al, topsoil exchangeable Ca, 
subsoil exchangeable Mg, and all the plant measurements except Mn.The most significant soil effect was that of 
topsoil pH, and multivariate analysis of  variance showed that none of the other soil variates added significantly to the 
information contained in topsoil pH, i.e. they were all correlated with topsoil pH. 
The means for topsoil pH over all sites were 4.96 in patches and 5.06 out of patches. This is consistent with the 
hypothesis that spatial heterogeneity in soil acidity may be responsible for the patch, however no differences were 
found in subsoil pH or Al. Unfortunately good data for topsoil Al was not obtained because the KC1-extractable Al 
test was not designed for topsoils and suffers interference from particulate organic matter. 
Plants growing in patches tended to have higher nutrient concentrations than those outside patches suggesting that the 
differences observed were due to dilution by better growth outside patches. The most significant effect was that of P, 
and multivariate analysis of variance showed no other components added further to the information contained in this, 
consistent with the nutrient dilution hypothesis. There were a few exceptions to this general trend: the patch areas on 
the trial 90ME5 had lower K than non-patch areas, and both are in the marginal range given by Reuter and Robinson 
eds. (1986), "Plant Analysis. An Interpretation Manual". (Inkata Press: Melbourne). As well, Mg and S were lower 
in patches at site 9 at South Burracoppin and Mg in the direct-drilled treatment in 90ME5 and site 6 at Merredin. 
These nutrients are also on the border line of deficiency. 
These data rule out a simple cause of the patch. However, there may be an interaction between several factors: all 
soils in the survey have low pHs in the topsoil and subsoil, and sites 1, 6 and 9 have Al levels well above that 
considered damaging to wheat. The critical level for wheat is roughly 2.7 ppm (to convert Al in ppm to mM, the 
unit used by UWA, multiply by 7.41). As well, all sites other than site 3 at Yerapin and site 8 at Bruce Rock had 
very low P levels in the subsoil. Thus the patch may be caused by a complex interaction involving pH, Al and P. 
The levels of  P, K, Mg and Cu are close to their critical levels at many of the sites, suggesting that there may be 
subclinical stresses due to deficiencies of  these nutrients. 
2. Agronomic Amelioration 
No agronomic treatments imposed in 90ME5 eliminated the patch problem. In fact dry weight measurements 
suggested that their major effects were outside the patches. Ripping reduced the proportion of plot area present as 
patch, consistent with the hypothesis that high soil strength is associated with the patch. 
The fact that patches were not eliminated by ripping indicates that other factors are involved, possibly some of the 
soil chemical properties mentioned in the previous section. Deep banding of  fertilizer had no effect on the patch. 
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